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Abstract

Entomopathogenic fungi may be affected by pesticides used to protect crop plants. The in vitro
compatibility of Beauveria bassiana and Metarhizium anisopliae with three fungicides and 16 insecticides was
evaluated. The formulations of pesticides were tested in three concentrations (mean concentration (MC), half MC
and twice the MC). All tested fungicides, at three concentrations, were incompatible with these two fungi and
significantly inhibited fungal development, germination of spores and spore production. Insecticides, except for
spinosad, deltametrin, imidachloprid and abamectin, were incompatible with these two fungi at high concentration
and caused complete or strong inhibition of fungal development. The compatible insecticide with B. bassiana and
M. anisopliae, at three concentrations, found to be spinosad. Abamectin, imidachloprid and deltametrin, however
at half MC and MC were compatible with B. bassiana. Deltametrin, abamectin and hexafloron at half MC were
compatible with M. anisopliae. We conclude that these pesticides with the defined formulations could be used
with the entomopathogenic fungi in integrated pest management programs.
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Introduction

The entomopathogenic fungi Beauveria bassiana
(Balsamo) Vuillemin and Metarhiziium anisopliae
(Metchnikoff) Sorokin are capable alternative control
agents against important agricultural pests (Boiteau,
1988; Todorova et al., 1994; Van Der Geest et al.,
2000; Liu et al., 2002; Hatting et al., 2004; Leland et
al., 2005; Quesada-Moraga et al., 2006; Al-Mazaawi et
al., 2006). To use these organisms for pest control,
commercia products of entomopathogenic fungi have
been developed (McCoy & Couch, 1982; McCoy,
1990; Alves & Pereira, 1998). Conidial surviva could
be affected by interaction with chemical pesticides and
environmental factors (Loria et al., 1983; Alves &
Lecuona, 1998). The pesticides may have antagonistic
or synergistic effects on potentia insecticidal activity
of B. bassiana and disrupt natural epizootics of this
pathogen. Therefore, the selected isolates of

entomopathogenic fungi for use as mycopesticides
require compatibility testing with chemical pesticides,
for their application in IPM programs.

Severa studies have andlyzed the effects of
pesticides on entomopathogenic fungi in order to
determine their compatibility for pest control
(Poprawski & Majchrowicz, 1995; Neves et al., 2001).
Most of these studies were conducted by adding
products to the synthetic culture media used for fungal
growth. In vitro studies indicate inhibition of B.
bassiana by many pesticides (Olmert & Kenneth,
1974). Neves et al. (2001) pointed out the importance
of conidial germination in compatibility studies. To
develop a successful integrated pest management
(IPM) program, it is essentid to know the
compatibility between entomopathogenic fungi and
pesticides (Todorova et al., 1994). De Olivera and
Neves (2004) evaluated compatibility of B. bassiana
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with 12 acaricide formulations and showed that
abamectin was more compatible with B. bassiana. This
knowledge should facilitate the choice of chemicals
which are less harmful to naturaly occurring and/or
artificialy inoculated beneficial fungi. In this study, we
evaluated commonly used pesticides in Iran. The
laboratory investigation was conducted to determine
the effects of 19 pesticides on conidial germination,
mycelial growth as well as sporulation of selected
isolates of B. bassiana and M. anisopliae.

Materials and methods
Fungal isolates

Two fungal isolates, viz., C-111A8 of B. bassiana

Table 1. Pesticides used in the study

and C-11IM14 isolate of M. anisopliae were used in the
study. The fungi had initially been isolated from the
soil collected from Maragheh, East-Azarbaijan, Iran,
by using Galleria mellonella (L.) baiting method. The
fungi were grown on SDAY (Sabaurod Dexterose Agar
with Y east) medium at 25+1°C and 12 h photoperiods.

Pesticides

The pesticides used for this experiment are
shown in Table 1. For compatibility tests, the
pesticides were used in three different concentrations,
viz., mean recommended concentration (MC), half MC
and twice the MC.

Activeingredient Brand name Chemical group

Formulation MC

Hexaflumuron Consalt IGR 10%EC 0.7
Methoxyfenozide Ronure IGR 240 SC 0.7
Deltametrin Asis Pyrethroid 25EC 0.5
Cypermetrin Patron Pyrethroid 40%EC 0.7
Diazinon Bazudin Organophosphorus 60%EC 0.5
Chlorpyrifos Dursban Organophosphorus %40.8 EC 2
Carbaryl Sevin Carbamates 50%WP 2
Thiodicarb Larvin Carbamates 80% WP 2
Imidacloprid Confidor Neonicotinoid 35% SE 0.5
Acetamiprid Mospilan Neonicotinoid 20% SP 0.5
Tiochloprid Calipso Neonicotinoid 480 SC 0.3
Abamectin Vertimec Avermectin 1.8% EC 0.2
Spinosad success Spinosin 25SC 1
Endosulfan Thiodan Chlore 35% EC 15
Amitraz Mitak Formamidin 20% EC 1
Azadirachtin Neem Botanical insecticides  0.09% EC 25
Carbendazim Bavistin Benzimidazol 52.5% WP 15
Benomyl Benlat Benzimidazol 50% WP 1
Mancozeb Indofil Dithiocarbamate 75% WP 25

* Mean concentration of commercia product for application in 1000 liters of water
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Conidial germination

The appropriate concentration (Table 1) of each
pesticide was added to 50 ml of cooled SDAY.
Treatments were inoculated with 1 ml of a conidial
suspension of B. bassana and M. anisopliae
containing 10° conidia/ml that diluted in sterile
distilled water and amended with 0.05% Tween 80.
The same aliquot of sterile distilled water and 0.05%
Tween 80, without the pesticides, was used as control.
The treatments were transferred to an incubator (25 +
1°C; 12 h photoperiods) for 24 hours and the
germinated conidia counted (germinated conidia per
100 conidia) to find the conidia viability.

Mycelial growth and spore production

Inoculums of B. bassiana and M. anisopliae were
produced on SDAY for 14 d, at 25°C. The pesticides,
at the pre-established concentrations were then added.
Approximately 20 ml of each amended media was
poured in three 9 cm Petri dishes. The same amount of
medium without the pesticide was used as control (De
Olivera & Neves, 2004). After media solidification,
each plate was inoculated with a small plug (1 mm
deep, 7 mm diameter) of SDAY with B. bassiana or M.
anisopliae which were deposited in the center of each
plate (Todorova et al., 1994). The plates were
incubated at 25 + 1°C and the radia growth in excess
of the plugs was measured on the 14" day. Growth was
measured on the three radia points from the plug and
the mean values were used in the following statistical
tests. Each treatment was replicated three times. After
14 d, the conidia from the excess of the plugs were
harvested by scraping and then suspended in 1 ml of
0.05% Tween 80 and agitated until conidia were
entirely released from the medium surface. The
concentration of conidia was calculated by means of a
Neubauer hemocytometer.

The percentage of inhibition, if any, was
calculated using the formula given by Vincent (1927):
I= (C-T) x100/C where I: Percent inhibition, C:
Colony diameter (mm) in control, T: Colony diameter
(mm) in treatment.

Compatibility calculations

The formula proposed by Alves et al. (1998) was
used for toxicity classification of chemical products
regarding in vitro tests with entomopathogenic fungi
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by calculation of the mycelial growth (VG) and
sporulation (SP) in relation to the control (100%). T=
20 (VG) + 80 (SP) / 100

Analysis

A completely randomized design (CRD) was
used in al experiments. Data was submitted to
ANOVA and means were compared by Duncan
multiple range test (P<0.05).

Results
|- B. bassiana

Conidial germination: The effect of pesticides
on the germination of B. bassiana is shown in Table 2.
Among the 16 insecticides tested, chlorpyrifos and
carbaryl, a 2MC concentration, completely inhibited
(100%) the conidial germination, but abamectin
was less effective in funga inhibition at three
concentrations being followed by methoxyfenozide and
imidacloprid a¢ MC concentration. Among the three
tested fungicides, benomyl and carbendazim showed
complete inhibition on the conidia germination while
mancozeb, inhibited a range of 90-100% at three
concentrations. Endosulfan and azadirachtin induced
high reduction of conidial germination (> 50%).

Mycelial growth and spore production

The pesticides significantly inhibited mycelial
growth of B. bassiana a al tested formulations
(Table 2) of which benomyl and carbendazim at all its
concentrations, and mancozeb a& MC and 2MC
concentrations entirely inhibited (100%) the fungal
mycelial growth.

All the tested fungicides and the insecticides
chlorpyrifos, carbaryl and azadirachtin (at three
concentrations), as well as thiodicarb (at 2 MC) totally
prevented funga sporulation (100% reduction) (Table
2). At haf MC concentration, minimum inhibition in
sporulation was observed by spinosad (13.3%) being
followed by imidacloprid (16.6%) and abamectin
(26.6%), athough only data on spinosad at three
concentrations and imidacloprid at haf MC were
showed little difference from the control trestment.

I1- M. anisopliae
Conidial germination

Germination of M. anisopliae in combination
with the pesticides used in the experiment is shown in
Table 3. Abamectin and spinosad showed low



140 Faraji et al. : Compatibility of entomopathogenic fungi Beauveria bassiana ...

inhibition levels on germination rate at the three conidial germination (> 80%) at 2MC concentration
concentrations.  Diazinon  completely  inhibited (Table 3).

M. anisopliae at two concentrations (MC and twice

MC), and endosulfan induced high reduction on

Table 2. Effect of pesticides on spore germination, mycelial growth, and sporulation of Beauveria bassiana

Germination* Mycelial growth* Spor ulation*
Treatments  Concentration " % — % 0 %
Reduction reduction spore/ml Reduction
half MC 75E 193 37.0B 7 12DE 60
Hexaflumuron MC 70 EF 24.7 3608 10 08F 733
2MC 70D 24.7 340C 15 0.051 98.3
half MC 82B 118 37.0B 7 14D 533
Methoxyfenozide 78 BC 161C 35.0C 125 01J 96.6
2MC 70D 24.7 250G 375 066G 80
half MC 80BC 139 36.0BC 10 20C 333
Deftamethrin MC 76 BCD 182 350C 125 20D 333
2MC 72C 25 330D 175 12E 60
half MC 80BC 139 22.5E 437 08F 733
Cypermethrin MC 75CD 193 150G 625 051 83.3
2MC 65E 301 150K 625 0.12F 9%
half MC 78CD 16.1 37.0B 7 05F 833
Diazinon MC 72 DEF 25 330D 17 0.3H 90
2MC 70CD 24.7 50D 17 0.1H 96.6
half MC 0K 100 30F 92 0G 100
Chlorpyrifos MC oL 100 1.0J 975 0K 100
2MC 0K 100 00M 100 0J 100
half MC 0K 100 00G 10 0G 100
Carbaryl MC oL 100 0.0H 100 0K 100
2MC 0K 100 00M 100 03 100
half MC 69F 258 225E 437 L1E 63.3
Thiodicarb MC 53H 43 1001 75 09E 70
2MC 201 785 50L 875 0J 100
half MC 76 DE 18.27 37.0BC 7 258 16.6
Imidacioprid MC 76 BCD 18.27 350C 125 22C 266
2MC 70D 24.7 350C 125 18C 40
half MC 70F 24.7 36.0BC 10 14D 533
Acetamiprid MC 63G 322 280E 30 05G 83.3
2MC 57G 3858 17.0J 575 0J 100
half MC 828 118 36.0BC 10 22C 26,6
Abamectin MC 80B 139 330D 17 2D 333
2MC 748 20.4 330D 17 17D 433
half MC 78CD 16.1 350BC 125 268 133
Spinosad MC 74 CDE 20.4 330D 17 24B 20
2MC 70D 24.7 300E 25 2B 333

Endosulfan half MC 351 62.3 30.0D 25 1.3DE 56.6
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MC 287 69.8 250F 375 08F 733
2MC 173 817 1751 56.2 06G 80
half MC 60G 354 340C 15 11E 63.3
Amitraz MC 421 54.8 280E 30 09E 70
2MC 36H 61.2 230H 425 08F 733
half MC 70F 24.7 350BC 125 05F 833
Thiachloprid MC 68F 26.8 350C 125 03H 90
2MC 60F 354 26.0F 35 0.1H 96.6
half MC 38H 59.13 225E 437 05F 833
Azadirachtin MC 307 67.7 125 H 68.7 0.3H 90
2MC 0K 100 00M 100 03 100
half MC 0K 100 00G 100 0G 100
MC oL 100 00K 100 0K 100
Carbendazim 2MC 0K 100 00M 100 0J 100
half MC 0K 100 00G 100 0G 100
Benomyl MC oL 100 00K 100 0K 100
2MC 0K 100 00M 100 03 100
half MC 83 913 50F 875 0G 100
Mancozeb MC 7L 92.4 00K 100 0K 100
2MC 0K 100 00M 100 0J 100
Control 93A 0 400 A 0 3A 0

" Means followed by the same letter in a column are not significantly different (p=0.05) by DMRT (Duncan's multiple

range tested).

Table 3. Effect of pesticides in three different concentrations on conidial germination, mycelial growth, and sporulation

of Metarhizium anisopliae in studies conducted on formulation-amended SDAY mediaat 25 + 1°C and 12 h photoperiod

Germination* Mycelial growth* Spor ulation*
Treatments Concentration % % — % <100 %
reduction reduction (spore/ml) reduction
half MC 75E 193 40A 0 45C 25
Hexaflumuron MC 70F 24.7 40B 0 126G 80
2MC 70D 24.7 408 0 08G 86.6
half MC 77DE 118 38AB 5 041 933
Methoxyfenozide MC 75D 19.3 42A 0 01J 98.3
2MC 70D 24.7 a2A 0 011 983
half MC 80C 139 35CD 125  32E 46.6
Deftamethrin MC 74E 18.2 35E 125 26D 56.6
2MC 68 E 245 32D 20 22D 63.3
half MC 66 G 185 38BC 5 2G 66.6
Cypermethrin MC 621 319 38C 5 0.8H 86.6
2MC 50H 451 35C 125  05H 916
half MC 78CD 16.1 15F 625 03 100
Diazinon MC oM 100 75K 8125 0K 100
2MC oL 100 0K 100 0J 100
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half MC 0J 100 OH 100 0J 100
Chiorpyrifos MC oM 100 oL 100 0K 100
2MC oL 100 0K 100 0J 100
half MC 0J 100 5G 875 03 100
Carbary| MC Y 100 oL 100 0K 100
2MC oL 100 0K 100 03 100
half MC 69F 258 30E 25 1.5H 75
Thiodicarb MC 53 43 207 50 051 916
2MC 207 785 33 825 03 100
half MC 76 DE 183 38AB 5 25F 58.3
Imidacloprid MC 76C 183 3BE 125  22E 63.3
2MC 70D 24.7 35C 125  18E 70
half MC 70F 24.7 35CD 125  14H 76,6
Acetamiprid MC 63H 323 3BE 125 0K 100
2MC 57G 388 271G 25 03 100
half MC 868 55 36 BCD 10 42D 30
Abamectin MC 83B 8.8 26 20 37C 38.3
2MC 778 15.4 31E 25  32C 46.6
half MC 80C 12.8 38AB 5 48D 20
Spinosad MC 76 C 165 36D 10 39B 35
2MC 71C 22 35C 125  37B 383
half MC 351 62.3 31E 25  23F 616
Endosuifan MC 28L 69.8 251 375  2F 66.6
2MC 17K 817 191 525  16F 733
half MC 60 H 354 34CD 15 19G 68.3
Amitraz MC 42K 54.8 26H 35 126G 80
2MC 361 61.2 21H 475 086G 86.6
half MC 70F 24.7 34D 15 051 916
Thiachloprid MC 68G 26.8 33F 175 013 98.3
2MC 60 F 354 29F 275 03 100
half MC 0J 100 75E 815 03 100
Azadirachtin MC oM 100 oL 100 0K 100
2MC oL 100 0K 100 0J 100
half MC 0J 100 OH 100 0J 100
Carbendazim MC oM 100 oL 100 0K 100
2MC oL 100 0K 100 03 100
half MC 0J 100 OH 100 03 100
Benomyl MC oM 100 oL 100 0K 100
2MC oL 100 0K 100 0J 100
half MC 0J 100 OH 100 0J 100
Mancozeb MC oM 100 oL 100 0K 100
2MC oL 100 0K 100 03 100
Control 91A 0 40A 0 6A 0

" Means followed by the same letter in a column are not significantly different (p=0.05) by DMRT (Duncan's multiple
ranges tested).
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Mycelial growth and spore production

The mycelid growth inhibition induced by
methoxyfenozide formulation with the MC and 2MC,;
but spinosad and imidacloprid were not significantly
different from the control trestment. Diazinon and
azadirachtin at half MC concentration induced at least
80% fungal growth inhibition and & MC and 2MC
showed complete inhibition on fungal mycelial growth.
Chlorpyrifos entirely inhibited the mycelial growth at
the three concentrations and carbaryl was highly
effective at all concentrations.

Diazinon, chlorpyrifos and carbaryl at the three
concentrations as well as acetamiprid, thiodicarb and
azadirachtin at 2MC concentration induced complete
inhibition in sporulation. All the fungicides completely
inhibited the spore germination of the fungus (Table 3).
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Compatibility calculations

The data concerning sporulation and mycelia
growth were subjected to the formula for the
determination of 'T' values. Spinosad at al the three
concentrations was classified as compatible, but
abamectin was compatible at haf MC and MC
concentrations and was moderately toxic when was
used at 2 MC with the both fungi B. bassiana and M.
anisopliae. Imidacloprid was compatible at haf MC
and MC concentrations and was moderately toxic at 2
MC for the fungus B. bassiana, while it was
moderately toxic at al the concentrations with M.
anisopliae. All the fungicides a all the three
concentrations were identified as incompatible with the
fungi (Table 4).

Table 4. "T" values and compatibility classification of pesticides, in term of toxicity towards Beauveria bassiana and

Metarhizium anisopliae

Treatments Concentration B. bassiana M. anisopliae
" T" values* Classification” "T"values Classification
Hexaflumuron half MC 50.50 MT 80.00 c
MC 39.30 | 36.00 |
2MC 18.33 | 30.60 |
Methoxyfenozide half MC 8355 c 24.33 |
MC 44.16 MT 21.33 |
2MC 28.50 | 21.33 |
Deltametfrin half MC 71.28 c 60.16 c
MC 70.78 c 52.16 MT
2MC 48,50 MT 45.33 MT
Cypermethrin half MC 2453 | 45.66 MT
MC 10.70 | 29.66 |
2MC 9.58 | 23.66 |
Diazinon half MC 3178 | 7.50 |
MC 24,50 | 3.75 |
2MC 19.14 | 0.00 |
Chiorpyrifos half MC 140 | 0.00 |
MC 0.50 | 0.00 |
2MC 0 | 0.00 |
Carbary| half MC 0 | 2.50 |
MC 0 | 0.00 |
2MC 0 | 0.00 |
Thiodicarb half MC 40,52 | 35.00 |
MC 31.00 | 16.66 |
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2MC 25
Imidacloprid haf MC 85.16
MC 68.66
2MC 55.33
Acetamiprid half MC 55.28
MC 52.14
2MC 415
Abamectin half MC 76.64
MC 69.78
2MC 58.14
Spinosad half MC 81.36
MC 74.22
2MC 61.6
Endosulfan half MC 49.6
MC 337
2MC 24.7
Amitraz half MC 46.28
MC 38
2MC 32.7
Thiachloprid haf MC 30.78
MC 255
2MC 15.64
Azadirachtin half MC 24.52
MC 12.24
2MC 0
Carbendazim haf MC 0
MC 0
2MC 0
Benomy! half MC 0
MC 0
2MC 0
Mancozeb half MC 25
MC 0

| 1.50 |

C 52.33 MT

C 47.83 MT
MT 42.55 MT
MT 36.16 |
MT 17.50 |

| 13.50 |

C 74.00 C

C 65.30 C
MT 57.60 MT

C 83.00 C

C 70.00 C

C 66.80 C
MT 46.16 MT

| 39.16 |

| 30.80 |
MT 42.33 MT

| 29.00 |

| 21.16 |

| 32.00 |

| 17.30 |

| 10.60 |

| 3.75 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

| 0.00 |

* The formula proposed by Alves et al. (1998).

#T=toxic; MT= moderately toxic; C= compatible; |= incompatible

Discussion

Pesticides have capacities to affect the
developmental stages of entomopathogenic fungi.
Therefore, the selected isolates of fungi for use in IPM
programs require compatibility testing with pesticides
(De Olivera & Neves, 2004; Rashid et al. 2012). In this
study, al tested insecticides and fungicides displayed
varying degrees of viability to inhibit conidial

germination, growth and sporulation of B. bassiana

and M. anisopliae.

The pesticides tested, except spinosad, abamectin
and imidacloprid at low concentration significantly
affected B. bassiana and M. anisopliae germination,
mycelial growth and sporulation in vitro (Tables 2 and
3). In some cases, funga species showed different
reactions to insecticides. Acetamiprid was moderately
compatible with B. bassana a haf MC and MC
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concentrations but was incompatible  with
M. anisopliae at all three concentrations (Table 4).

According to James & Elzen (2001), Alizadeh
et al. (2007) and Singh et al. (2014) imidacloprid had
no negative effect on B. bassiana. Results of this study
revealed that imidacloprid was compatible with B.
bassiana a haf MC and MC concentrations and
incompatible in 2MC concentration but was
incompatible with M. anisopliae in al three
concentrations.

The fungicides significantly or totally inhibited
growth of hyphomycetes entomopathogenic fungi. The
effects of mancozeb on B. bassiana had been tested by
Clark et al. (1982), Loria et al. (1983), Hassan et al.
(1991), Machrowicz & Poprawski (1993) and
Todorova et al. (1994). The harmful effect of benomyl
was mentioned by Olmert & Kenneth (1974). The
results demonstrated that spinosad, abamectin, and
imidacloprid, at lower concentration, could be used
with entomopathogenic fungi in integrated pest
management programs. Combination of sub-lethal
concentrations of chemica  insecticides and
entomopathogenic fungi can cause increased stress,
immunocompromise, and alteration in insect
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physiology and behavior leading to improved
performance in insect-control programs that include a
biological component (Pelizza et al. 2015)

The results of this research suggest that most
pesticides were not compatible with B. bassiana and
M. anisopliae a higher concentration and caused
complete or inhibition in their developments. Only
spinosad was compatible at three concentrations for
both B. bassiana and M. anisopliae and al fungicides
tested were incompatible at al the concentrations.

These in vitro studies expose the
entomopathogen to the maximum action of the
pesticides that usually do not happen under field
conditions. Experiments under field conditions for
evaluating the efficacy of these entomopathogenic
fungi in combination with chemical pesticides are
recommended.

Acknowledgements

We thank the University of Maragheh for its
financia support of this research. We are also grateful
to Drs Gharekhany and Saber for their great assistance
through this study.

Alizadeh, A., Samih, M. A., Khezri, M. & Saberi, R. (2007) Compatibility of Beauveria bassiana (Bals.) Vuill. with
severa pesticides. International Journal of Agriculture and Biology 9, 31-34.

Al-Mazaawi, M. S, Ship, L. B., Roadbent, B. & Kevan, P. (2006) Biological control of Lygus lineolaris (Hemiptera
Miridae) and Frankliniella occidentalis (Thysanoptera: Thripidae) by Bombus impatiens (Hymenoptera: Apidae)
vectored Beauveria bassiana in greenhouse sweet pepper. Biological Control 37, 89-97.

Alves, S. B., Maino, A. & Almeida, J. E. M. (1998) Produtos fitossanitérios e entomopatégenos. pp. 217-238 in Alves
S. B. (Ed) Controle microbiano de insetos. 1163 pp. S&o Paulo, Fealq.

Alves, S. B. & Lecuona, R. E. (1998) Epizootiologia aplicada ao controla microbiano de insetos, pp. 97-170 in Alves S.
B. (Ed) Controle Microbiano De Insetos. 1163 pp. S&o Paulo, Fealq.

Alves, S. B. & Pereira, R. M. (1998) Producéo de fungos entomopatogénicos, pp. 845-870 in Alves, S. B. (Ed)
Controle Microbiano De Insetos, 1163 pp. S&o Paulo, Fealqg.

Boiteau, G. (1988) Control of the Colorado potato beetle, Leptinotarsa decemlineata (Say): learning from the Soviet
experience. Bulletin Entomological Society of Canada 20, 9-17.

Clark, R. A., Casagrande, R. A. & Wallace, D. B. (1982) Influence of pesticides on Beauveria bassiana, a pathogen of
the Colorado potato beetle. Environmental Entomology 11, 67-70.

DeOlivera, R. C. & Neves, P. M. O. J. (2004) Biological control compatibility of Beauveria bassiana with acaricides.

Neotropical Entomology 33, 353-8.

Hassan, S. A., Bigler, F., Bogenschutz, H., Baller, E., Bmn, J., Calis, J. N. M., Chiverton, P., Coremans-Pelseneer,
J., Duso, C., Lewis, G. B., Mansour, F., Moreth, L., Oomen, P. A., Overmeer, W. P. J., Polgar, L.,
Rieckmann, W., Sam, S. J. C., Petersen, L., Stiiubli, A., Sterk, G., Tavares, K., Tuset, J. J. & Viggiani, G.
(1991) Results of the fifth joint pesticide testing programme carried out by the IOBC/WPRC — Working Group:
pesticides and beneficial organisms. Entomophaga 36, 55-67.



146 Faraji et al. : Compatibility of entomopathogenic fungi Beauveria bassiana ...

Hatting, J. L., Wraight, S. P. & Miller, R. M. (2004) Efficacy of Beauveria bassiana (Hyphomycetes) for control of
Russian wheat aphid (Homoptera: Aphididae) on resistant wheat under field conditions. Biocontrol Science and
Technology 14, 459-73.

James, R. R. & Elzen, G. W. (2001) Antagonism between Beauveria bassiana and imidacloprid when combined for
Bemisia argentifolii (Homoptera: Aleyrodidae) control. Journal of Economic Entomology 94, 357-61.

Leland, J. E., McGuire, M. R., Grace, J. A., Jaronski, S. T., Ulloa, M, Park, Y. H. & Plattner, R. D. (2005) Strain
selection of a fungal entomopathogen Beauveria bassiana for control of plant bugs (Lygus spp) (Heteroptera:
Miridae). Biological Control 35, 104-14.

Liu, H., Skinner, M., Parker, B. L. & Brownbridge, M. (2002) Pathogenicity of Beauveria bassiana, Metarhazium
anisopliae -(Deuteromycotina Hyphomycetes) and other entomopathogenic fungi against Lygus lineolaris
(Hemiptera: Miridae). Journal of Economic Entomology 95, 675-81.

Loria, R., Galaini, S. & Roberts, D. W. (1983) Survival on inoculum of the entomopathogenic fungus Beauveria
bassiana influenced by fungicides. Environmental Entomology 12, 1724-6.

Majchrowicz, |., & Poprawski, T. J. (1993) Effects in vitro of nine fungicides on growth of entomopathogenic fungi.
Biocontrol Science and Technology 3, 321-336.

McCoy, C. W. (1990) Entomogenous fungi as microbia pesticides. pp. 139-159 in Baker, R. R. & Dunn, P. E. (Eds)
New Directionsin Biological Control. 860 pp. New York ,Liss,

McCoy, C. W. & Couch, T. |. (1982) Microbial control of the citrus rust mite with the mycoacaricide, Mycar® .
Florida Entomologist 65, 116-126.

Neves, P. M. O. J., Hirose, E., Tchujo, P. T. & Moino, J. R. A. (2001) Compatibility of entomopathogenic fungi with
neonicotinoid insecticides. Neotropical Entomology 30, 263-68.

Olmert, |. & Kenneth, R. G. (1974) Sensitivity of entomopathogenic fungi, Beauveria bassiana, and Verticillum sp. to
fungicides and insecticides. Environmental Entomology 3, 33-8.

Paula, A. R., Carolino, A. T., Paula, C. O. & Samuels, R. |. (2011) The combination of the entomopathogenic fungus
Metarhizum anisopliae with the insecticide Imidacloprid increases virulence against the dengue vector Aedes
aegypti (Diptera: Culicidae). Parasite Vectors 4, 1-8

Pdizza, S. A., Scorstti, A. C., Fogel, M. N., Pacheco-Marino, S. G., Stenglein, S. A., Cabello, M. N. & Lange, C.
E. (2015) Compatibility between entomopathogenic fungi and biorational insecticides in toxicity against
Ronderosia bergi under laboratory conditions. Biocontrol 60, 81-91.

Poprawski, T. J. & Majchrowicz, |. (1995) Effects of herbicides on in vitro vegetative growth and sporulation of
entomopathogenic fungi. Crop Protection 14, 81-87.

Quesada-Moraga, E., Maranhao, E. A. A, Valverde-Garcia, P. & Santiago-Alvarez, C. (2006) Selection of
Beauveria bassiana isolates for control of the whiteflies Bemisia tabaci and Trialeurodes vaporariorum on the
basis of their virulence, thermal requirement and toxicogenic activity. Biological Control 36, 274-87.

Rashid, M., Shelkhi Garjan, A., Naseri, B., Ghazavi, M., & Barari, H. (2012) Compatibility of the
entomopathogenic fungus Beauveria bassiana with the insecticides fipronil, pyriproxyfen and hexaflumuron.
Journal of Entomological Society of Iran 31, 29-37.

Singh, R. K., Vats, S, Singh, B. (2014) Compatibility Analysis of Entomopathogenic Fungi Beauveria bassiana
(NCIM No0-1300) With Several Pesticides. Research Journal of Pharmaceutical, Biological and Chemical
Sciences 5, 837-844.

Todorova, S. I., Cté, J. C. & Coderre, D. (1994) Hetrogeneity of two Beauveria bassiana strains revealed by
biochemical tests, protein profiles, and bio-assays on Leptinotarsa decemlineata (Col.: Chrysomelidae) and
Coleomegilla maculata (Col.: Coccinellidae) larvae. Entomophaga 39, 159-69.

Van Der Geest, L. P. S, Elliot, S. L., Breeuwer, J. A. J. & Beerling, E. A. M. (2000) Diseases of mites. Experimental
and Applied Acarology 24, 497-560.

Vincent, J. M. (1927) Distortion of fungal hyphae in the presence of certain inhibitors. Nature 159, 850.

Received: 6 June 2016
Accepted: 14 August 2016



